The phenotypic association between fragile X syndrome (FXS) and autism is well established, but no studies have directly compared whole-brain anatomy between the two disorders. We performed voxel-based morphometry analyses of magnetic resonance imaging (MRI) scans on 10 individuals with FXS, 10 individuals with autism, and 10 healthy comparison subjects to identify volumetric changes in each disorder. Regional gray matter volumes within frontal, parietal, temporal, and cingulate gyri, as well as in the caudate nuclei and cerebellum, were larger in the FXS group relative to the autism group. In addition, volume increases in FXS were observed in frontal gyri and caudate nuclei compared to controls. The autism group exhibited volume increases in frontal and temporal gyri relative to the FXS group, and no volume increases relative to controls. Volumetric deficits relative to controls were observed in regions of the cerebellum for both groups, with additional deficits in parietal and temporal gyri for the FXS group. Our caudate nuclei and frontal gyri results may implicate dysfunction of frontostriatal circuitry in FXS. Cerebellar deficits suggest atypical development of the cerebellum contributing to the phenotype of both disorders, but further imply that unique cerebellar regions contribute to the phenotype of each disorder.
Introduction
According to the Centers for Disease Control and Prevention, the prevalence of autism spectrum disorders (ASDs) (i.e., autistic disorder, Asperger's disorder, and pervasive developmental disorder, not otherwise specified) is estimated to be 1 in 152 children (Centers for Disease Control and Prevention, 2007) . ASDs, generally referred to as autism, are defined clinically by impairments in communication, social interaction, and behavior development. Diagnosable medical conditions, cytogenetic abnormalities, and single-gene defects have been estimated to account for between 5 and 41% of cases, leaving the majority classified as idiopathic (Wassink et al., 2001; Kielinen et al., 2004; Reddy, 2005; Schaefer and Lutz, 2006) . Twin studies have shown that idiopathic autism is highly heritable (Steffenburg et al., 1989; Bailey et al., 1995) , with an estimated heritability as high as 90% for autism broadly defined. While it is clear that there is a strong genetic component to the disorder, autism's etiology remains poorly understood. Between 5 and 20 genes are thought to contribute to autism, yet no widely replicated susceptibility loci or genes have been reported despite several genome-wide screens (Yang and Gill, 2007) .
By contrast, fragile X syndrome (FXS), which is the most frequent form of inherited mental retardation, has a known single-gene etiology (Verkerk et al., 1991) . The prevalence of FXS is estimated to be from 1 in 2500 to 1 in 3600, as recently reviewed by P.J. Hagerman (2008) . In addition to mild to severe mental retardation, a wide range of symptoms including cognitive and behavioral deficits, as well as distinct physical phenotypic features such as large prominent ears, characterizes the majority of people with FXS. In almost all cases, the syndrome results from a trinucleotide (CGG) expansion mutation in the 5′-untranslated region of the fragile X mental retardation 1 (FMR1) gene located on the long arm of the X chromosome at Xq27.3. When the number of repeats exceeds 200, the gene is largely silenced due to promoter hypermethylation, which results in diminished or absent production of the associated fragile X mental retardation protein (FMRP). FMRP is known to play a role in neuronal maturation, and its dysregulation results in aberrant brain development and function in affected individuals.
An association between FXS and autism was first reported in 1982 by several investigators (Brown et al., 1982a,b; Meryash et al., 1982) . The prevalence of autism in FXS individuals was initially estimated to be 15%, with current estimates of 30-35%. Conversely, the prevalence of FXS in individuals with autism is estimated to be 2-6% (R.J. Hagerman, 2006) . Despite a debate concerning the extent to which the 
